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Abstract 
The origin of intermediate–silicic magmas in subduction zones has been a long-standing issue in igneous 
petrology. Recent experimental studies on the differentiation of hydrous arc basalts at mid to lower crustal 
conditions have successfully reproduced the characteristic features of arc magma in the genesis of intermediate 
to silicic melts. To understand the differentiation processes in the arc lower crust, comagmatic cumulates such 
as hornblendite to hornblende gabbro have been studied, but it is difficult to constrain a solid-liquid relation from 
natural materials. In this study, we investigated silicic melt inclusions in the hornblende-bearing cumulates from 
the Ichinomegata maar, located in the back-arc side of the northeastern Japan arc, in order to test the idea that 
fractionation of hornblende gabbroic assemblages from hydrous basalt plays a central role to form silicic melt 
in the deep crust. The Ichinomegata maar erupted calc-alkaline andesitic magma with abundant deep-crustal and 
mantle xenoliths at about 60–80 ka. Selected 16 hornblende-bearing cumulate xenoliths with clear igneous 
characters were divided into 5 types based on the mineral assemblage (1) olivine-hornblende clinopyroxenite, 
(2) clinopyroxene hornblendite, (3) clinopyroxene-hornblende gabbro, (4) hornblende gabbro, and (5) leuco-
hornblende gabbro. The mineral assemblage, solid solution composition and texture indicate the following 
crystallization sequence: olivine, spinel → clinopyroxene → hornblende, magnetite (continuously formed from 
spinel) → plagioclase → apatite. Of the 5 types of xenolith studied, the leuco-hornblende gabbro preserved 
interstitial glass and melt inclusions with a silica content (SiO2) of 63.9–74.0 wt% and high water content (up to 
8.1 wt%). Hornblende geobarometry indicates an equilibrium pressure of 0.39–0.64 GPa, which corresponds to 
a depth of 15–24 km. The delay of plagioclase crystallization due to high water content characterizes 
differentiation of the hydrous arc magma. I successfully constructed an internally consistent differentiation 
model to reproduce ASI vs SiO2 array for calc-alkaline suites from a primary basalt (Sannomegata maar basalt) 
to the silicic melt inclusions by subtracting the observed cumulate xenoliths with the following order and 
volumes: 1) 7.8 % of wehrlite, 2) 7.4 % of olivine-hornblende clinopyroxenite, 3) 9.3 % of clinopyroxene 
hornblendite, 4) 27.2 % of clinopyroxene-hornblende gabbro, 5) 16.9 % of hornblende gabbro, and 6) 6.3 % of 
leuco-hornblende gabbro. After differentiation, 25.1 % of melt remained. In middle to late stage differentiation, 
hornblende gabbros are the dominantly fractionated assemblages. The chemical composition of the assumed 
dacitic end-member of the host mixed magma (SiO2 ~65wt%) from the Ichinomegata maar mostly overlaps with 
the least differentiated melt inclusions hosted in plagioclase and apatite of this study. The Sr and Nd isotope 
compositions of the 6 representative cumulate xenoliths are similar to those of the host magma, suggesting the 
cognate origin of the xenoliths and formation of the silicic end-member magma via fractional crystallization in 
lower crust. Fractionation of hydrous magma in this study is one of the possible process to form a hornblende 
gabbroic lithology in lower crust beneath back arc of Northeast Japan.  
 
